Many monocyclic or polycyclic 2,5-piperazinedione derivatives have recently been found in nature as antibiotics or alkaloids. 2 -9 )
One of the authors (C.S.) has investigated the syntheses and chemistry of several derivatives,10-13) and succeeded in the synthesis of albonoursin,ll) 3-benzylidene-6-isobutylidene-2,5-piperazinedione, the first cyclic dehydrodipeptide isolated from the culture of Streptomyces (St.) albus var. fungatus and St. noursei.
It is well-known that the cyclization of two molecules of amino acids yields the saturated symmetric 3,6-1) The main subject of this series of papers was revised from "Studies on Nitro Carboxylic Acids" Part III: C. Shin, Y. Yonezawa, K. Katayama, and J. Yoshimura, This Bulletin, 46, 1727 Bulletin, 46, (1973 . This work was presented at the 24th and 26th Annual Meetings of the Chemical Society of Japan, Osaka, April 3, 1971; Hiratsuka, April 2, 1972.
2) A. S. Khokhlov and G. disubstituted-2,5-piperazinedione 14 ) and the condensation reaction glycine anhydride with arylaldehyde gives unsaturated symmetric 3,6-disubstituted-2,5-piperazinedione. 15 ,16) However, natural 2,5-piperazinedione derivatives usually have an unsymmetric structure.
As unsymmetric derivatives, only a few 3-monoalkylidene-2,5-piperazinediones (2) have been reported. Bergmann et all?) and others 18 ,19) have synthesized 3-methylidene derivative (2a) from glycylserine by halogenation and amination. One of the present authors (C.S.) succeeded in the preparation of isopropylidene derivative (2d) via ethyl 2-chloroacetamido-3-methyl-2-butenoate (ld) obtained by the reaction of dehydrovaline ethyl ester or the tautomeric imine with chioroacetyl chloride. 10 ,12,13) Similarly, 3-isobutylidene derivative (2£) was synthesized via ethyl 2-chloroacetamido-4-methyl-2-pentenoate (If) derived by esterification of the free acid.!l) Recently, Dominy and Lawton reported the preparation of 3-benzylidene derivative (2g) by the reaction of N-acetyldehydrophenylalanylglycine with acetic anhydride. 20 ) Gallina and Liberatori reported another synthetic method for 2 from the reaction of 1,4-diacetyl-2,5-piperazinedione with alkyl or arylaldehyde. 21 ) Consequently, N-chloroacetyldehydroamino acid esters (I) seem to be . a suitable intermediate for obtaining 3-monoalkylidene and benzylidene derivatives (2).
In a previous communication we reported briefly a general synthesis of2 by the reaction of I, derived from ethyl 2-oxocarboxylates and chloroacetamide, with ammonia. 22 ) This paper deals with the synthesis of I in detail under several experimental conditions and syntheses of unsymmetric 3,6-dialkylidene and 3-alkylidene-6-arylidene-2,5-piperazinediones (5) by the condensation of 2 or a mixture of I-acetyl (3)-and 1,4-diacetyl-3-alkylidene-2,5-piperazinediones (4) with alkyl or arylaldehyde in the presence of bases.
Results and Discussion

3-Alkylidene-2,S-piperazinediones.
Various acidic catalysts were examined in the synthesis of ethyl 2-chloroacetamido-2-pentenoate (Ie) by the condensation of an equimolar amount of ethyl 2-oxopentanoate and chloroacetamide in refluxed dry benzene. Concentrated sulfuric acid and phosphorylchloride were found to be the most effective. 22) The effect of the molar ratio of chloroacetamide to ethyl 2-oxopentanoate and the reaction time in the presence of phosphorylchloride were also examined. When the reaction was continued for 8 hr, the yield of Ie gradually increased as the molar ratio increased to 1.5 : 1 and reached a maximum 44.2% yield. At molar ratio of 1.5 : I, the yield increased until the reaction time of 12 hr, and reached a 51.0% yield. It was found that the yield of Ie was best at the molar ratio of 1.5 : 1 and reaction time 12 hr.
The structure of I obtained under the same conditions as for Ie was confirmed by elementary analysis and IR spectrum. It is very similar to that of Id and If prepared from a different synthetic route.l°,ll) When a cooled ethanol solution of I was saturated with dry ammonia and then allowed to stand at room temperature at least for one day, cyclization reaction occurred gradually to deposit colorless crystals. The crystals were recrystallized from boiling water to afford 2 in pure state as colorless amorphous. 22 ) The structure of 2 was confirmed by elementary analysis as well as IR and UV spectrum, the pattern being essentially similar to those of 2d and 2£ derived in the independent preparation.10,1l)
Acetylation and Condensation Reaction. When 2 was heated with acetic anhydride at 120--130°C for half an hour, two kinds of crystals which were confirmed to be I-acetyl (3)-and 1,4-diacetyl (4) derivatives of 2 were obtained in a ratio of ca. 3 : 7. Recent studies on the photoisomerization of carboncarbon double bond of 3-benzylidene-2,5-piperazinediones by Sammes and co-workers 23 ,24) and a novel was assumed that compound 4 is E-conformer and 3 is Z-conformer with respect to carbon-carbon double bond. It was deduced that, in the case of Z-conformer, the steric hindrance of alkyl group hindered acetylation at 4-position of 2.
)
Since the isolation of 3 and 4 was tedious and timeconsuming, the following method was adopted for the subsequent condensation reaction. On treatment of the mixture of 3 and 4 with arylaldehyde in the presence of triethylamine at 120-130 DC for about 3 hr, the expected 3-alkylidene-6-arylidene-2,5-pipera- Tables I, 2 and 3 .
Experitnental
All melting points are uncorrected. The IR spectra were recorded with a Hitachi EPI-S2 Spectrometer. The UV spectra were recorded with a Shimadzu UV-50 Spectrometer. The NMR spectra were measured with a ]NM-4H-100 Spectrometer (Japan Electron Optics Laboratory Co., Ltd.) using tetramethyl silane as an internal standard.
N-Chloroaatyldehydroamino Acid Ethyl Esters (1). In a 200 ml round-bottomed flask, fitted with water separater, were placed the appropriate ethyl 2-oxocarboxylate (0.1 mol), chloroacetamide (0.15 mol), phosphorylehloride (6 ml) and dry benzene (100 ml). The mixture was refluxed for about 12 hr until no water separated out. The reaction mixture was removed in a separating funnel and washed with water and then extracted with benzene. The benzene extract was washed with water, dried over anhydrous magnesium sulfate and then evaporated. The residual dark brown syrup was distilled under reduced pressure to give yellow oip2) In a similar manner, the condensation reaction of ethyl 2-oxophenylpropanoate with chloroacetamide was performed, and ethyl 2-chloroacetamide-3-phenyl-2-pentenoate (lg) was obtained as a yellow syrup, which gradually crystallized at room temperature. The crystalline product was collected and recrystallized from ethanol to give yellow needles (38.7%), bp 151-155 DC/l.5 mmHg (mp 103-104 DC). IR (KBr): 3270, 1720, 1680, 1520 em-I. 3-Alkylidene-and Benzylidene-2,5-piperazinediones (2). A solution of 1 (0.1 mol) in ethanol (100 ml) was saturated with dry gaseous ammonia under cooling. When the solution was allowed to stand at room temperature for one day, crystalline substance precipitated. Ethanol was evaporated under reduced pressure and the residual crystals were collected and washed successively with cold water, ethanol, and then ether. Recrystallization from boiling water afforded colorless amorphous. 2 ') In a similar manner, cyc1ization reaction of 19 with ammonia was performed, and 3-benzylidene-2,5-piperazinedione A suspension of 2 (0.01 mol) in acetic anhydride (6 ml) was heated at 120-130 DC for half an hour, and the resulting solution was allowed to stand at room temperature for I he. The reaction solution was concentrated under reduced pressure to dryness giving a crystalline residue. The crystalline product was collected and recrystallized from ethanol to afford two kinds of crystals, which were separated by chromatography on a silica-gel column by elution with a mixture of benzene and acetone (20 : I) to give 3 and 4. The results are summarized in Table I .
Unsymmetric Unsaturated 3,6-Disubstituted-2,5-piperazinediones (5). a) Condensation of Mixture rif 3 and 4 with Arylaldehyde in the Presence of Triethylamine (Procedure A).
A mixture of 3 and 4(ca. 3 : 7 ratio, ca. 2.4 X lO-s mol) and the appropriate aryl aldehyde (2.4 X lO-s mol) was heated in the presence of triethylamine (0.12 g) at 120-130 D C for 3he. The resulting reddish solid mass was treated with ethanol and filtered. The collected crystals were recrystallized from glacial acetic acid to give the expected condensation product. The results are summarized in Table 2 . A mixture of 2 (6 X IO-s mol), the appropriate aldehyde (16 X lo-a mol), and anhydrous sodium acetate (2.5 g) in acetic anhydride (4 ml) was heated at 120-130 DC for 5 hr and then allowed to stand overnight at room temperature. The mixture was treated with a small quantity of water and ether and filtered. The crystalline product was washed successively with ether and ethanol. Recrystallization from glacial acetic acid afforded the expected condensation product. The results are summarized in Table 3 . 
